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<g) A catalyst for a metathesis reaction of defines and a method for preparing the same. 

^ A catalvst system for metathesis reactions of olefines. especially of propylene, which system 
@ comrp^m^^rbene complex on a solid carrier, in which the metal carbene complex has the 

fonnU,a: M^RCr^D)^ 
wherein M is W or Mo ; R is t-butyl ; y is 0 or 1 ; and 
when y is o, m = 3 or 4, X is Br and n is from 5 to m ; and 
when y is 1, m is from 1 to 4, X = CI and n is from 4 to m. 
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Th- invention relates to a catalystfor a metathesis reaction of defines and a method for preparing the same. 

in the define chemistry, the metathesis describes the mutual exchange of carbon atoms between a dou- 
ble-bond pair. These reactions include e.g. the metathesis of defines (OM), which can generally be described 
e.g. by means of the following reaction equation: 



a + i + 

c a c c 

The metathesis reactions of olefmes are not spontaneous, but they require a catalyst system containing a 
transitionmetal compound, which is preferably in contact with another compound (a cocatalyst) and sometimes 
with a third one (a promoter). The reactions are normal baiance reactions, which can reach a balanced state 
in a couple of seconds with a good catalyst Wolfram (W), molybdenum (Mo) and rhenium (Re) based catalysts 
are especially efficient, and essential are also several Tt, Nb, Ta, Re. Ru, Os and Ir systems. Bt Is believed that 
the reaction is coord in atlvely activated by an unsaturated metal-carbene complex. The result of the reaction s 
also affected by the choice of a solvent, when there is a need to avoid side reactions, such as isomenzation, 
alcylation, cydization and addition over the double bond. For example halogenized solvents, such as 
chlorobenzene, are preferable solvents. It is known that the catalyst complex is carbene in solution systems 
and most likely also in reactios occurring with a solid carrier. Almost unexceptionally. this complex is not formed 
before the reaction conditions, wherein a small part of the metal changes into an active form- 
Also, some metal carbenes operating without activation have been patented as a metathesis catalyst acting 
in a homogenous liquid phase. In general, in a heterogenous system is used a metal oxide e.g. with a silica or 
alumina carrier as well possibly a cocatalyst and a promoter. Typical systems include e.g. Woa/SiOa. 
MoQj/AljOa and Re^A^O* 

In the US patent no. 4 686 314, a catalyst on an alkoxide modified carrier is described as being usees in a 
metathesis reaction of defines, which catalyst includes rhenium, molebdenum, wolfram and possibly a pro- 
moter, e.g. AI(OCH(CH 2 CH 3 )(CH 3 ))3. a ^ 

In the US patent no. 3 855 340, a catalyst has been described for a dismutation reaction of olefines accord- 
ing to the formula X/OVO-R/^ wherein X is wolfram or molybdenum, and R is an alkyl group or a hydrocarbon 
residue. The catalyst acts in the presence of a halogenized organoaluminum compound (reduction). 

in the DE publication print no. 2 213 948 is described for a conversion of olefines a catalyst according to 
the formula R^MXp in an inert matrix material, wherein M is molybdenum, wolfram or rhenium, R is hydrocarbon 
35 and X is a univalent ligand, e.g. a halogen. 

The inventors have invented new catalyst complexes, which have not previously been used for catalyzing 

metathesis reactions. 

The catalyst system in accordance with the invention is mainly characterized in that said metal carbene 

complex has the formula: 
^ M^WRCHiO)^, 

wherein M is W or Mo, R is t-butyi, y is 0 or 1, and 
when y fe o, m =5 3-4. X is Br and n is 5-m, and 
when y is 1, mis 1-4, X = CI and n is 4-m. 

It has been observed that the pure or modified silica of the complexes according to the invention has active 

45 metathesis catalysts. 

Advantages of the catalysts according to the invention with respect to known metathesis catalysts include: 

- Owing to organic ligands, the complexes dissolve well in non-polar solvents in contrast to wolfram salts 
used conventionally. This results in an easy impregnation, and the distribution of the metal on the earner 

is uniform. . 
m - Part of the complexes are sublimating complexes, and they can thus be brought to the earner also by 

evaporazation. . 

- The catalyst is activated by nitrogen without an auxiliary catalyst (no air-sensitive and often pyropnonc 
organometal compounds, which are difficult to handle, are needed). The catalyst is activated in the reaction 
conditions (propylene, 400°C) without any pretreatment (the process is simpled, and no separate activation 

55 gases or regeneration gases are needed). 

The preferred embodiments of the invention have the characteristics of the subclaims. 
The invention is next fllustrated in detail by describing the synthesis of the catalyst and the performance 
of the metathesis reaction itself. 
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The synthesization of a metal complex according to invention and its impregnation fooim an organic 
solvent 

Synthesis 

5 

Metal complexes were synthesized from woHram(IV)oxychloride WOCI 4 by substituting chloroatoms, by 
neopentoxide groups and oxygen by bromine or chlorine. The neopentoxide groups were derived from neopen- 
tyl alcohol ((CH 3 ) 3 CH20H) and bromine from aluminium bromide (ALBr 3 ). 

The structures of the complexes and the details of the synthesis have been described in the examples 
10 below. The syntheses were performed in a nitrogen atmosphere by using dried newly-distilled solvents. 

The syntheses were performed in Schlenk vessels, which were in contact via a two-way cock with a sepa- 
rate vacuum line and a nitrogen line. An about 1 mbar vacuum was achieved in the vacuum line by means of 
an oil pump (Edwards 8). The line contains before the oil pump a cold trap, which is cooled by liquid nitrogen 
and in which the solvent fumes freeze. Pure bottle nitrogen was led to the nitrogen line, which nitrogen was as 
is a precaution also dried with concentrated sulphur acid and neutralized with potassium hydroxide. 

Bn all work phases were used vessels provided with cocks, which had been evacuated by opening a way 
to the vacuum line and then again filled with nitrogen by opening a way to the nitrogen line. When the vessels 
were open, a nitrogen atmosphere was maintained by means of a flow-through. 

A separated synthesis product was dissolved in a small amount on pentane and transferred to a flask, in 
20 which a earner had been weighed. The amount of the solvent used only slightly exceeded the amount the carrier 
was able absorb. The solvent was evaporated and it was again added several times for ensuring a uniform 
distribution of the dissolved complex. Finally, the catalyst was dried in a vacuum. It was loaded into a reactor 
tube in a nitrogen bag. 

As solvents were used dietyl ether, pentane and dichloromethane, which were kept under nitrogen in aflask 
25 containing a drier. The necessary quantity of the solvent was distilled from the flask directly into the reaction 
vessel. Ether was dried with a potassium benzophenone mature and dicioromethane and pentane with phos- 
phor pentoxide. 

NMR-spectra ( 13 C, 1 H) and mass spectra were run from the metal complexes and metal assays of the catal- 
ysts were performed with an atom absorption spectrometer. 

30 

Example 1 

1.03 g (3.0 mmol) of woIfram(IV)oxychJoride were weighed in a nitrogen bag and dissolved in 100 mj of 
dietyl ether. When nearly all was dissolved, 1.20 g (15 mmol) of neopentyl alcohol dissolved in 10 ml of dietyl 
35 ether were added in small quantities, it was immediately observed that the orange color of the solution had 
disappeared. The solution was allowed to react during a moderate mixing for one hour. 

The residue was evaporated and extracted several times with a pentane-dietyl ether mixture (ca. 1:1). 1,51 
g of bluish ofl was obtained as an evaporation residue of the extraction solution. The product was a mixture of 
compounds W(0)(t-BuCH 2 0) m Cl m wherein m = 1-4, n=4-m (MS). 

40 

Examjp!® 2 

1.50 g (4.4 mmol) of wolfram(rV)oxychloride were weighed in a nitrogen bag and dissolved in 120 mJ of 
dietyl ether. When nearly all was dissolved, 1 .60 g (18 mmol) of neopentyl alcohol was added in small quantities. 
45 The solution was mixed for about one hour. 

The evaporation residue was dissolved, whereby a complex according to Example 1 was obtained. It was 
dissolved in 100 ml of dichloromethane and injected in 4.4 ml (4.4 mmol) of a dibromium methane solution of 
AIBr 3 by simultaneously mixing the solution. The mixing continued for ca. 20 hours (a long reaction time is not 
necessary). 

50 The solution was evaporated and extracted several times with pentane. 2.45 g of an orange solid substance 

was obtained as an extraction residue. The product is in a solid state most likely a dimer complex (W(0)(t- 
BuCH20) 3 Br 2 (MS, 1H-NMR, 13C-NMR). The yield was ca. 90%. 

The product could be sublimated (60-70°C, 1 mmHg) without a change in its structure. 
Reference catalysts were also prepared for showing the functionability of the catalyst in comparison with 
55 known products. 

Reference catalysts (WO 3 (Si02): 
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Examples 3 and 4 

4JB 9 of ammonium wolframate (NH 4 ) 2 W0 4 was weighed and distilled water was 
mixing and sometimes warming up. The salt was dissolved, when ca. 200 ml of water had been added (a satu 

™"IT^:~ EKSk* . of silica (PQ CS-1231. O.c-1.6 mm) 

nf ih« water was evaporated during three hours in a vacuum by sometimes warming up (70°C), the rernamder 
^hX ch^rTaTevapoition bowl (105-C). The catalyst was non-homogenous (itoontamed loose 
residue and the wolfram content varied between 4.5-6%). 

In Example 4. an activator (1.5% MgO) was added to the catalyst 

Testing of catalysts 

The catalysts were tested in a microreactor by leading purified propylene through a ^talystbedconteininj 
n 9-n Saof catalyst. The propylene had been purified by removing the moisture by means of molecuar s eves 
2 MMnKl B/Sfs copper catalyst Chrompack's capillary column (PLOT Fused Sdn. hqud 
iSSSa"; ™ o 32 ™, was used In the gas chromatography. During the runs, the propylene flow and 
JfSi reaZ^was often changed for darifylng the effects of these factors. The mletand 
o^e^aTSTtele same on the small flows used, whereby no pressure occurs in the reactor p.pe 

Th^^or itself is a quartz glass tube reactor, in which the quantity of the catalyst filling is 1-2 ml. The 
eJ£ ^Tedlrfln ^eatiich the reactor tube is p.aced In*. . steel tube. ends ousted tube 
^joined with aluminium ears to the poles of the current source. i.e. the tube acts per se as a resistance. The 
oven is controlled by EurothemVs controller. tritort _ 

Atermeoven. the device is connected with an on-line principle to HP's gas chromatograph and an integ- 

^ Samples are taken with a logic controlled repeater motor from the gas flow and the extra gas flow is led to 

air conditioning. ^ t . , 

Air and nitroqen are used for regenerating and flushing the catalyst 

list the test resultewhen using catalysts according to Example 1 "^J^^^ 
ten JT^e 2 lists the test results when using catalysts according to Example 2. Tables 3 and 4 list the test 
results when using reference catalysts according to Examples 3 and 4. 

In ^ TaWesfthe activity is always shown in the units g of converged propylene/g of metal x h. The per- 
centages of the product distributions are percentages by weight 
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(Comparison) 
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TABLE 3 
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Claims 

5 1. A catalyst system for metathesis reactions of defines, which catalyst system comprises a metal carbene 
complex on a solid carrier, in which the metal carbene complex has the formula: 

M(0) y (RCH 2 0) m X fl9 
wherein M is W or Mo; R is t-butyl; y is 0 or 1; and 
when y is o, m * 3 or 4, X is Br and n is from 5 to m; and 

10 when y is 1, m is from 1 to 4, X = CI and n is from 4 to m. 

2. A catalyst system according to Claim 1, in which the metal carbene complex has the formula: 
W(RCH 2 0) 3 Br 2 orW(RCH 2 0) 4 Br, wherein 

R is t-butyl. 

3. A catalyst system according to Claim 1, in which the metal carbene complex has the formula: 
WCOXRCrfeO^CI,* wherein 

R is t-butyl, m is from 1 to 4 and n is from 4 torn. 

20 4. A catalyst system acording to any one of the preceding claims in which the carrier comprises one or more 
of sHica. alumina and magnesium oxide. 

5. A catalyst system according to Claim 4, in which the earner is silica or a mixture of silica and magnesium 
oxide. 

25 

6. A catalyst system according to any one of the preceding claims, in which the metal-carbene-complex-con- 
taining earner is calcined by heating in a nitrogen, oxygen or hydrocarbon atmosphere. 

7. A catalyst system as claimed in Claim 1 substantially as hereinbefore described with reference to the exarrt- 
30 pies. 

8. A process for the metathesis of an olefine in the presence of a catalyst in which the catalyst is as claimed 
in any one of the preceding claims. 

35 9. A process as claimed in Claim 8 in which the olefine is propylene. 

10, A process as claimed in Claim 8 substantially as herebefore described. 
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